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Materials and procedures The experiment was performed on six samples (3 white and 3 red) of the 2004 vintage wines produced in South Moravia, region Čejkovice.
A list of the wine samples together with the sugar and alcohol level is presented in Table I . Sample numbers from 1 to 3 were white wines, and from 3 to 6 were red ones. The wine samples were characterized by standard methods of chemical analyses. Following quantities were determined via ordinary methods (Ough and Amerine, (1998) : pH, total acidity and reducing sugar. Alcohol content and total extract were determined from specifi c gravity (Bechcetti, 1998) . Glycerol was determined by HPLC following the usual method (Zoecklein et al., 1995) . The results of standard chemical analysis of the wine samples are presented in Table II . Viscosity (η) was measured at temperatures of 20 °C, 25 °C, 30 °C, 40 °C, and 50 °C using rotational laboratory viscometer -Anton Paar DV-3 P Digital Viscometer. The DV-3 P is a device based on measuring of the torque of a spindle rotating in the sample at given speed. Viscosity is expressed [mPa. s], speed of spindle in revolutions per minute [rpm] . The experiments have been performed with use of a small sample adapter with TR9 spindle. The small sample adapter permits more accurate measurements than standard device equipped with another spindle type. Table III contains the experimental data for the density of the investigated wines in the studied temperature range. As an example, the temperature dependence of density of particular samples of red and white wine, as well as water/ethanol solution (10 vol %), are presented in Fig. 1. From Fig. 1 . a noticeable decrease of density at increasing temperature may be noticed. It could be seen that the higher density values correspond to the wine samples with the higher concentration of reducing sugar. Comparing samples with similar alcohol and sugar content (Table II) there was insignifi cant difference in density values and their temperature dependence. We can also observe that the density for a water/ethanol solution was considerably lower than the density value of all investigated wines with the same ethanol concentration. The temperature dependence of density of the investigated wines in the studied temperature range is more pronounced than that for corresponding water/ethanol solution.
RESULTS AND DISCUSSION

1: Experimental density data as a function of temperature; wine samples and ethanol solution
The effect of temperature on the density of wine can be described by a single equation
The curves in Fig. 1 correspond to the values calculated by Eq. (1).
The expansibility coeffi cient, defi ned as α = 1/d (dd/dT) P , can be calculated by considering the temperature dependence of density (Eq. (1)).
At T 0 = 25 °C the expansibility coeffi cient can be expressed by the equation
Thus, the expansibility coeffi cients at 25 °C and their temperature dependence were calculated from the experimentally determined density in the temperature range from 20 °C to 50 °C. It can be stated that, α increases practically linearly as the temperature increases from 20 °C to 50 °C.
The experimental viscosity data for the investigated As an example, the temperature dependence of viscosity of one red and one white wine are presented in Fig. 3 . The curves in Fig. 3 correspond to the values calculated with a polynomial equation of second degree representing the best fi t to the experimental results. We can also observe in Fig. 3 that the viscosities for a water/ethanol solution were noticeably lower than the viscosity values of investigated wines with the same ethanol concentration.
For all sample of wine investigated the experimental viscosity values were fi tted to several models in order to describe their temperature dependence. The following relations were used:
The values of the constants in these equations were obtained by the least-squares method. Eqs. (8) and (9) were not appropriate to describe the temperature dependence of the viscosity of wine. the square of the correlation coeffi cient and standard deviation for all other relations (Eqs. (4)- (7)) are listed in Table V . It was found that the modifi ed Andrade equations (Eq. (4) and (5)) most satisfactory describe the temperature dependence of the viscosity of wine, since the values for r 2 and S.D are optimal. The temperature dependence of the viscosity for white wines is slightly better described by the relations mentioned above than for red ones (Table V) Table IV . The viscosity data at 20 °C lay in a range from 1.568 × 10 -3 to 1.600 × 10 -3
Pa.s for white wines and from 1.513 × 10 -3 to 1.576 × 10 -3 Pa.s for red ones. The wines with a lower concentration of reducing sugar had a signifi cantly lower viscosity. These values are comparable with other published data (Rao et al., 1977) . As expected, in the temperature range studied, the viscosity of wine decreases with increasing temperature. The temperature effect was stronger in samples with higher density and higher reducing sugar concentration. This is in agreement with results obtained earlier (Lopez et al., 1989) suggesting that there may be a very slight tendency for viscosity to decrease with decreasing density. It could also be mentioned that the samples of higher glycerol concentration (see Table II ), were more ciscous. 
CONCLUSIONS
From the experimental data, it may be concluded that the investigated samples of wine behave as Newtonian fl uids. The density as well as the viscosity of wines are dependent on temperature and decreased non-linearly with increasing temperature from 20 °C to 50 °C. The expansibility coeffi cients at 25 °C of white wines were higher in comparison with those of red wines and are not comparable of those of model water/ethanol solutions with the same concentration of ethanol. The behavior of the temperature dependence of viscosity can be satisfactory described by means of a modifi ed Andrade equation. It was found that there was a very strong effect of temperature on the viscosity of wines, particularly those of higher reducing sugar concentrations. 
